Objectives: The purpose of this research is to understand the thought processes that underpin responses to stated preference approaches for eliciting quality of life, in particular the standard gamble. Methods: We utilize standard gamble preference elicitation survey techniques to elicit quality-adjusted life year weights for two reduced health states: chronic severe depression and total blindness. After the survey, we conduct open-ended qualitative interviews with respondents to determine their thought processes while taking the surveys and to shed light on what their quality-adjusted life year weight is capturing. Survey responses were coded and analyzed for themes in NVivo, the results of which were then formalized in the terminology of decision sciences.
Introduction
The quality-adjusted life year (QALY) is one of the most widely utilized metrics in health economics and health policy prioritization. The QALY is used as a standardized measure of effectiveness in cost-effectiveness analysis or cost-utility analysis and often forms the denominator of an incremental cost-effectiveness ratio (ICER). ICERs are used to compare or rank different public health or medical interventions based on how much money is spent per QALY gained. These data are utilized by healthcare policy-makers in order to prioritize medical intervention areas and to channel limited resources into interventions with the largest health gains per dollar spent. As such, the accurate measurement of a QALY is of prime importance for accurate decision-making.
Mechanically, a QALY accounts for both quantity and quality of life resulting from a reduced health state compared with a year in full health. To compute the QALY measure, the length of life lived in a certain health state is multiplied by the quality of life induced by this state, as a fraction of full health. 1 The quantity component of a QALY is straightforward to assess and is measured as the length of life spent in a specific health state. The quality of life component, or QALY weight, is comparatively difficult to measure. It is typically obtained through preference elicitation surveys, which require the respondents to provide information about their personal evaluations of hypothetical health states. One of the most common methods for assessing QALY weights is through stated preference surveys utilizing the standard gamble approach. [2] [3] [4] In this article, we discuss and provide evidence for a particular type of cognitive bias that may arise in the standard gamble context known as treatment bias. Treatment bias is when an individual considers salient treatment alternatives when responding to a standard gamble question, despite only one treatment option being presented. This type of bias is often correlated with specific reduced health states. For example, if an individual has seen multiple advertisements for anti-depressants during their lifetime but no advertisements for treating a condition such as hypothyroidism they may subconsciously believe that there are more treatment options available for depression or that depression is much more easily treatable than hypothyroidism, regardless of the reality. This is due to the treatment alternatives for one condition being more salient to the individual than for other conditions, which may cause a bias when QALY weights from two different conditions with varying treatment salience are compared. The remainder of this article will describe the importance of treatment bias in terms of QALY elicitation, provide evidence of its existence from cognitive interviews, formalize the bias in economic terms, and propose one potential solution to this problem.
Qualitative methodology
The first author (B.N.P.) administered QALY elicitation surveys and conducted cognitive interviews with 20 graduate students recruited from the Harvard T.H. Chan School of Public Health. The sample size was chosen to meet adequate saturation and to fall within acceptable bounds for rigorous qualitative research, as described in the Cognitive Interviewing Reporting Framework. 5 We purposefully selected students who were enrolled in coursework pertaining to global health, which broadly covered topics of global burden of disease, health program evaluation, cost-effectiveness analysis, and both direct and external impacts of health interventions. All students had completed at least one semester of coursework prior to participation. The rationale for the purposeful selection of highly educated participants with specific training relevant to our specific research question was theoretically motivated so that the recruited participants would, on average, have a better understanding of the immediate and external consequences and benefits of common health states on both an individual and population level than most other populations. As such, major omissions of relevant consequences of reduced health states in this population will likely imply similar or more extensive omissions in the general population. Furthermore, the respondents had also completed required coursework in quantitative methods and statistics, which should have heightened their ability to interpret and understand probabilities, thus minimizing cognitive biases in our results.
We obtained exempt Institutional Review Board (IRB) status through the Harvard T.H. Chan School of Public Health IRB, given the anonymous and hypothetical nature of the study. As per requirements of the exempt status, participants were given a written description of what the study entailed, risks, benefits, as well as contact information of the principal investigator and told that they could opt out at any time. No individuals who were recruited for the study chose to opt out. Respondents in this study were in the age range from 22 to 39 years, with an average age of 27 years. The recruitment was conducted in two stages. Initially, 15 respondents were recruited, only 2 of whom were male. After these results were obtained there was some evidence that results may vary by gender and so five more males were purposefully recruited, bringing the total sample to 20. Of the 20 respondents, 6 were married or engaged and 2 had or were expecting children. Average annual income in the sample was between $30,000 and $39,000 with respondents ranging from the less than $5000 level to the $75,000-$99,000 level.
Survey
The survey questionnaire was divided into four sections. The first section included nine brief baseline demographic questions including age, sex, marital status, parental status, number of children, degree program, previous degrees, current health status, and income level. The second section consists of two questions, a time trade-off between healthy life years and years spent with total blindness in both eyes followed by a standard gamble with blindness as the reduced health state (Figure 1 ). The third section consists of two questions, a time trade-off between healthy life years and years spent in a state of chronic severe depression, followed by a standard gamble with chronic severe depression as the reduced health state. The final section consists of a series of six payment card questions to elicit willingness-to-pay. Overall qualitative findings apart from treatment bias and specific results from the willingnessto-pay portion are discussed in detail in another forthcoming study. Each of the time trade-off, standard gamble, and payment card willingness-to-pay questions was worded in a validated and standard format for the appropriate methodology and the standard gamble approach adopted is a theoretical gold standard for measuring QALY weights. 2, [6] [7] [8] The reduced health states of blindness and chronic severe depression were chosen based on the presumed ease of envisioning the reduced health states compared to many other potential scenarios and a desire to drive respondents to consider both physical and psychological factors in their valuation of reduced health states. In this questionnaire, the time trade-off questions serve as mental warm-up exercises to get respondents thinking about trade-offs and the utility value of life in the described health states, before answering the standard gamble questions related to the same health state. Similar warm-up tactics are often practiced in QALY elicitation surveys and have been demonstrated to improve the accuracy of acquired results. 8 Pie graphs corresponding to the risk of death if treatment is selected were included in the standard gamble questions (Figure 2) .
Immediately following the survey questionnaires, a cognitive interview was conducted in order to capture the participant's thought process when responding to the standard gamble survey questions. The framework of the cognitive interviews was organized prior to the interviews and structured around eight main questions with room for supporting questions to encourage more in-depth discussion or clarification. All interviews began with a series of open-ended questions asking the participants to recount what factors entered their mind when responding to the various types of elicitation questions and then to describe their decision-making process. This question was repeated four times in reference to the standard gamble questions to elicit QALY weights for both blindness and for chronic severe depression. Participants were permitted to speak freely for as long as they desired. Clarifying questions were posed if responses were unclear to the interviewer. After the participants stopped responding to the open-ended questions, two additional probing questions were asked about whether the participants took into account specific aspects of a given health state, if it was not addressed in their open-ended portion, and if so how they did so.
If participants did not take into account a given aspect of the health state in question, they were further probed as to why, whether they perceived the excluded health state aspect to be of utility value to them, and whether they would think about this aspect if repeating the hypothetical exercise or in a real-life decision-making scenario. The remaining two questions sought to capture the respondent's ability to comprehend the scenarios of blindness and chronic severe depression and whether or not they faced any difficulty in answering the questions in terms of visualizing the probabilities or risks described, which could lead to cognitive bias. The interviews were concluded with any remaining open-ended comments the respondents had about the process.
Qualitative results
All cognitive interviews were recorded and assigned a randomly generated numeric code for identification. The interviews were then uploaded, transcribed, coded, and analyzed by the authors in Qualitative Survey Research (QSR) International's NVivo qualitative data analysis software. 9 Mean survey time was 14 min and 58 s. Instead of delving into the breadth of considerations that came to participants' minds when responding to a QALY weight elicitation survey, this article focuses on the theme of cognitive bias and subtheme of treatment bias, which we felt warranted its own separate discussion due to the implications it has for systematic QALY mismeasurement.
Comparing the results from blindness-related QALY questions to those related to chronic severe depression sheds light on the vast range of perceptions of severity. Generally, for blindness, most respondents considered it to be a devastating health state with a large post-onset learning curve required to rebuild, recover, and come to psychological terms with the state. For chronic severe depression, however, about half of all respondents considered it significantly less severe than blindness and as many as a third considered it trivial and believed the condition to be easily manageable given treatment options beyond the scope of the questionnaire. One respondent proclaimed:
It probably is a reflection of the world we live in or my opinion of it where I'm just like: 'whatever, medications will solve it all'. It [chronic severe depression] just didn't have the same negative consequence [compared to blindness]. A second respondent states, when asked further about the inclusion of treatment into their consideration that:
I know factually that chronic depression would have a large psychological impact, but I probably didn't give enough weight to that.
A third respondent shared similar views, stating:
I think I just basically didn't view chronic depression as badly as I should and it could be because, maybe, because I've never been close to anyone who has been depressed … so in my head I'm just like: 'oh well, you'll take a pill and you'll be fine'.
This last statement is of particular interest and was expressed either directly or indirectly by about half of all participants. This statement is evidence that despite the question's explicit wording that you would be in a reduced health state (either blindness or chronic severe depression) with no treatment options apart from the proposed risky treatment, individuals still focused on available and salient treatment options from their external experience when making their decision. As such, it is clear that treatment bias seems to be somewhat persistent and may have large impacts on both elicited QALYs and cost-effectiveness evaluation using those QALYs.
A model of treatment bias
We take a grounded theory approach to formalize the treatment bias sub-theme uncovered in the cognitive interviews and to incorporate this phenomenon into existing decisionscience and economic models. In general terms, this bias is the result of considering the reduced health state described in a standard gamble in the context of salient (known and readily memorable) treatment options, rather than the explicit terms of the question posed. This example is closely connected to the psychological and behavioral economics literature on heuristics and biases. 10, 11 As a result of differential salience, utility estimates for diseases with more salient treatment options may be undervalued in a utility loss sense compared with diseases with less salient treatment options. This occurs regardless of the treatment options that actually exist for each health state. As such, treatment bias occurring in questions attempting to elicit health state utility is a problem for both preference estimation and for corresponding cost-effectiveness analysis.
To begin isolating the treatment bias from the health state utility, we write out the general QALY model
where Q is a specific reduced health state, H(Q) is the healthrelated quality of life attached to state Q, T is time spent in health state Q, and F(T) is utility over duration of life. It is commonly assumed that utility over duration of life is linear and represented by F(T) = T, implying risk neutrality with respect to life years. 12,13 Thus
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Under the standard gamble, we estimate U(Q, T) through the indifference point between living in health state Q for a duration of T years with certainty and taking a treatment for health state Q, which has the probability p of restoring perfect health for T years and the probability (1 -p) of immediate death. 14 Under the standard gamble setup, Q represents the state of perfect health, Q represents the state of death, and U Q T ( , ) is the utility associated with living in perfect health for T years and U Q T ( , ) is the utility associated with immediate death. 15 Therefore, under this framework, the utility of living in reduced health state Q for time period T is equivalent to
This means that
We assume in the standard gamble context that the health state utility associated with perfect health H Q ( ) = 1 and the health state utility associated with death H Q ( ) = 0. Thus, the model simplifies to
As a result, the indifference probability elicited from the standard gamble directly gives us our QALY weight, or the health state utility associated with a given reduced health state Q. However, in the context of our observed treatment bias, we are not accurately capturing health state utility with our elicited p resulting in a biased estimate of H(Q). To see this, suppose that health state utility is composed of k different attributes representing utility-relevant qualities of that reduced health state. Examples of such attributes are listed in Figure 3 .
Suppose H(Q) can be decomposed into utility derived from these separate attributes as such
where h Q k ( ) is the health state utility derived from the kth attribute associated with health state utility over health state Q. Now, assume that individuals consider, in addition to the K general attributes associated with health state Q, the availability of treatments outside of the treatment scenario proposed within the standard gamble question. Suppose that a given health state Q has n potential treatments. This framework draws from the literature on modeling salience, limited attention, and focusing in standard utility models. 18, 19 Thus, our estimated H Q ( )  from the standard gamble can be represented as
where g n is a set of binary weights corresponding to treatment option n of health state Q. If the treatment option was salient (came to mind) then g n = 1, and if it was not salient (was forgotten or unknown) then g n = 0. Suppose that of the n potential treatments J treatment options are salient to the respondent and L elements are not salient such that N = J + L. Then, the equation can be rewritten as
where g j = 1 when the treatment attribute is salient and g l = 0 if the attribute is not salient. Since the treatment attributes not considered have a weight of 0, this equation reduces to the following 8. Impact on community or those acquaintances, co-workers, and individuals a respondent comes in contact with on a day-to-day basis that impacts individual utility.
Therefore, letting p  be our estimated probability from the standard gamble. What p  is actually representing is
However, what we want to measure is
Therefore, the treatment bias associated with this standard gamble is
Thus, depending on both the total number of considered alternative treatment attributes and the health-related utility associated with those salient treatment attributes, the treatment bias may be substantial. Formalizing the treatment bias demonstrates that for conditions where treatment options are more salient to consumers than others, QALY measurements will contain a negative treatment bias. The result is that this bias causes us to systematically undervalue, in utility terms, QALYs gained from treating those conditions that have more salient treatment alternatives relative to those with non-salient alternatives, regardless of the reality or scope of existing treatments. Such a bias is particularly problematic in comparing mental health conditions such as depression, where advertising presents numerous treatment options, to physical conditions where treatment options may be less salient unless the individual has encountered the situation herself.
Discussion
Utilizing a grounded theory approach and the qualitative results presented, there is evidence that treatment bias may be strong in QALY elicitation via standard gamble discreet choice experiments. This is particularly problematic for QALY weight measurement as the estimated QALY metric is no longer empirically valid for the reduced health state itself, but rather for the health state given a particular sociomedical setting. Such a result makes QALYs from different individuals in different settings incomparable. Since QALYs were designed to be a standardized way to compare health gains across individuals and interventions, these findings are problematic for their validity. In addition to the health state utility being mismeasured, cost-effectiveness analysis utilizing QALYs elicited with treatment bias will result in the systematic undervaluation of the effectiveness of policies targeting diseases with a higher degree of treatment salience compared to those with a lower degree of treatment salience. This is true even if the treatment salience does not accurately represent the true and existing treatment landscape.
We provide a vignette, below, to illustrate the potential impact of treatment bias on policy prioritization using costeffectiveness analysis. Suppose you have a fixed budget of $1000 and that you are comparing the cost-effectiveness of treatment to the status quo. Therefore, set baseline cost ( ) C 0 and baseline effectiveness ( ) E 0 equal to 0. Now assume your health system is considering investing in a new treatment and has two options, treatment 1 and treatment 2, that each cost $1000 (i.e. C C Since both treatments are 100% effective and the effectiveness of each treatment (E 1 and E 2 ) is measured by QALYs gained, we can measure treatment effectiveness by computing the difference between the QALYs associated with perfect health and the QALYs associated with each condition. Therefore As such, comparing treatment 1 to baseline and treatment 2 to baseline using ICERs we get < , and assuming the value of a statistical life year (VSLY) is above both values, then the decision-maker should invest in treatment 2, treating clinical depression because it has a lower cost per QALY gained. Now suppose that we can observe the years of life lived in the reduced health state, which is still 20 years, but instead of knowing the true QALY weights for treatments 1 and 2 (H Q 1 ( ) and H Q 2 ( )), we acquire them through surveying individuals through some type of preference elicitation technique, such as the standard gamble. Suppose there is no salient treatment bias for rheumatoid arthritis but there is salient treatment bias for clinical depression. This is due to the prevalence of advertisements for anti-depressants, whereas there is not such a salient understanding of readily available treatments for rheumatoid arthritis. Assume that this knowledge increases elicited QALY weights by 10 percentage points. As such, we estimate > , and assuming the VSLY is above both values, then the decision-maker should invest in treatment 1, treating rheumatoid arthritis because it has a lower cost per QALY gained. The prioritization decision was completely reversed in this scenario due to only a 10-percentage point bias. This demonstrates that even a small degree of salient treatment bias can have meaningful implications for effectiveness measurement and corresponding policy prioritization.
E H Q T H Q T Q ALYs E H Q T H Q
It is important to note two potential limitations of this study and what we have done to control them. First, cognitive bias may exist in terms of responses to the standard gamble questions. Cognitive bias, or that the respondent cannot visualize or appropriately comprehend the probabilities or values associated with the question, is often associated with standard gambles due to the inability of respondent to visualize and conceptualize the probabilities associated with their choices. 2 Other forms of bias are also associated with time trade-off questions including time discounting bias, or systematically valuing future health gains different from present health gains, and scale bias, or how the order and distribution of options on a rating scale can influence decision-making. Since each possible approach contains the potential for bias, a decision was made to use the standard gamble approach, which is largely regarded to be the most theoretically sound approach and one whose bias may be most easily overcome with properly designed questions. [2] [3] [4] In addition, to examine the extent of potential cognitive bias within this approach, respondents were asked during the cognitive interviews if they faced difficulties envisioning any of the scenarios, probabilities, question types, or monetary values. This was done in order to assess the possible extent to which cognitive bias came into play. Results show that respondents actually found the standard gamble questions easy to visualize and to answer, especially when compared to other types of questions such as willingness-to-pay and time-tradeoff type questions.
A second potential limitation is that interviewer bias may have come into play if the probing questions led interviewees to respond in a way that is different to their actual beliefs in order to conform to some norm or standard expressed by the interviewer. While this is certainly a possibility in any interview scenario, our format was designed to begin with an open-ended response and then dig deeper into the foundations of that response. As such, respondents were given time and space to provide detailed responses about why they felt a certain way or had the realizations that they did, which made it much more difficult to artificially construct a response than would be the case from a simple yes or no question. In addition, many respondents were able to give examples of how certain aspects would and would not factor into their thought process, making the obtained results more believable. For instance, one individual directly stated that they forgot to take into account future employment prospects, but that this would not matter so much to their utility, while other aspects that they left out concerning family would matter:
I don't think that future income would be [important] because I think both of these issues [blindness and chronic severe depression] would be surmountable. Like I could overcome these issues enough to not have major offset in my future potential earnings. But I would definitely think more about the impact on other.
Several respondents were able to define aspects in a similar manner, and such a response provides evidence that the interviewer bias was likely minimal.
One potential solution to the issue of treatment bias may be to repeat and reinforce the phrase "in the absence of external treatment" both within the introductory portion of the standard gamble question and alongside the second portion of the question, immediately before the respondent is making her decision. Such an additional clarifying emphasis could improve the consistency and comparability of elicited QALYs and allow them to satisfy the assumption that "a QALY is a QALY is a QALY." 2 In addition to reducing the potential for treatment bias to occur, this change in phrasing could also help to reduce the likelihood that incorrect prioritization decisions are made when policy-makers are comparing the cost-effectiveness of interventions using QALYs as the effectiveness measure.
Conclusion
This study provides qualitative evidence that it is difficult for individuals to take into account a reduced health state in the absence of treatment, particularly for conditions where treatment is highly salient. This was especially true for chronic severe depression, when compared to blindness. Specifically, blindness seems to be viewed as permanent and absent of any treatment even though a risky treatment was presented. Conversely, chronic severe depression was viewed in the context of alternative external treatments or as something that could easily be resolved even though the health state was clearly defined as permanent and without treatment apart from the risky treatment option posed in the standard gamble question. This means that medical, social, or even geographic setting could impact how the same individual perceives chronic severe depression due to the salience of available treatment options. Thus, the true utility of chronic severe depression is not being evaluated. Instead, the utility of chronic severe depression in the context of salient treatment is being evaluated, which was not the case for blindness and results in the utility measures for each being incomparable. Incorporating repeated reminders into the phrasing of standard gamble questions could help to reduce the likelihood of treatment bias occurring in QALY weight elicitation and improve the usability of the resulting QALYs for economic healthcare decision-making.
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